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y (2013),Abstract Measurement of densities (q), viscosities (g), and ultrasonic speeds (u) has been carried
out for binary mixtures of N,N-diethylaniline (N,N-DEA) with acetone (AC), methylethylketone
(MEK), methylpropylketone (MPK), diethylketone (DEK), and methylisobutylketone (MIBK),
and their pure liquids at 303.15 K and 308.15 K over the entire composition range. These experi-
mental values have been used to calculate the excess molar volume (VE), deviation in ultrasonic
speeds (Du), deviation in isentropic compressibility (Djs), deviation in intermolecular free length
(DLf), deviation in acoustic impedance (DZ), excess Gibbs free energy of activation of viscous ﬂow
(G*E) and deviation in viscosity (Dg). The variation of these properties with composition of the
mixtures suggests dipole–dipole interactions and charge-transfer complex formation between
N,N-diethylaniline and dipolar ketones. The magnitude of the property is found to depend on
the chain length of the ketones’ molecule. The viscosity data have been correlated using three
equations: Grunberg and Nissan, Katti and Chaudhri and Hind et al. These results have been ﬁtted0863 2242681; mobile: +91
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Table 1 Densities (q), ultrasonic s
Pure components Density (q/gm.c
Experimental L
N,N-Diethylaniline 0.92992 0
Acetone 0.78429 0
Methylethylketone 0.79821 0
Methylpropylketone 0.80174 0
Diethylketone 0.80930 0
Methylisobutylketone 0.79607 0
* 303.15 Standard uncertainties s are
a Reference (Palepu et al., 1985a,b).
b Reference (Pandiyan et al., 2011).
c Reference (Rajagopal and Chenthi
d Reference (Dharmaraju et al., 1982
e Reference (Fermeglia et al., 1990).
f Reference (Comelli and Francesco
g Reference (Riddick et al., 1986).
h Reference (Venkatesu and Rao, 19
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and viscosity at 303.15 K and 308.15 K
Arabian Journal of Chemistry (2013),to the Redlich–Kister polynomial using multiparametric nonlinear regression analysis to estimate
the binary coefﬁcients and standard errors.
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In recent years, there has been considerable advancement in
the experimental investigation of excess thermodynamic prop-
erties of liquid mixtures. These properties have been ade-
quately employed in understanding the nature of molecular
interactions in binary liquid mixtures. In chemical industry,
knowledge of the thermodynamic properties of non-electrolyte
solutions is essential in the design involving chemical separa-
tion, heat transfer, mass transfer and ﬂuid ﬂow. The present
study is a continuation of our earlier research (Gowrisankar
et al., 2012a,b, 2013a,b) on the thermodynamic properties of
binary liquid mixtures. The liquids were chosen in the present
investigation on the basis of their industrial applications. N,N-
Diethylaniline is used as the solvent, in the preparation of dyes,
and various organic products. The carbonyl group is a part of
several biologically important molecules such as proteins, lip-
ids, and hormones. Ketones are a class of chemical compounds
containing the carbonyl group in which the carbon atom is
covalently bonded to an oxygen atom. Ketones are chosen in
the present investigations since we ﬁnd a variety of applica-
tions such as solvent, lacquers, oils, and resins, etc. The car-
bonyl group can interact with basic groups like amino group
to form complex and inﬂuence the properties of such
compounds.
In recent years, several studies have been advanced to study
thermodynamic and transport properties of binary liquid mix-
tures containing ketones (Krishna et al., 2009; Kumari et al.,
2009; Sreenivasulu and Naidu, 1979; Gonzalez et al., 2006;
Rajagopal and Chenthilnath, 2010a,b; Bachu et al., 2008). A
perusal of the literature reveals that the thermo-physical prop-
erty studies on the binary mixtures containing N,N-diethylan-
iline are not yet reported. This paper presents the data on
density, viscosity, and ultrasonic speed measurements in a
system of N,N-diethylaniline with ﬁve ketones at 303.15 Kpeed (u), and viscosity (g) data o
m3) Ultrasonic speed (u/m s
iterature Experimental Literature
.92990a 1411.0 1434.0b,*
.78430c 1158.2 1162.0c
.79820c 1189.9 1191.6c
.80176f 1201.0 1197.0d,*
.80932e 1198.0 1200.0d,*
.79609e 1175.0 1170.0h,*
s(q) = ± 2 · 10–5(g cm3), s(g) =
lnath, 2010a,b).
).
nic, 1995).
97).
risankar, M. et al., Thermodyna
for the binary mixtures of N,N-
http://dx.doi.org/10.1016/j.arabjand 308.15 K. Using these experimental data, excess molar
volume (VE), deviation in viscosity (Dg), and deviation in isen-
tropic compressibility (Djs) are calculated. These results have
been ﬁtted to the Redlich–Kister polynomial equation (Red-
lich and Kister, 1948), the binary coefﬁcients and estimate
the standard deviation between experimental and calculated
data. Results have been used to explain the nature of intermo-
lecular interactions between mixing components.2. Experimental
The mass fraction purity of all the liquids from the S.D. Fine
Chemicals, Ltd., India was as follows: N,N-diethylaniline
(0.995), acetone (0.995), methylethylketone (0.995), methylpro-
pylketone (0.994), diethylketone (0.993),and methyl isobutylk-
etone (0.994).The purity and water content of solvents used in
this work are listed in Table 1. Prior to making the experimen-
tal measurements, all the liquids were used after double
distillation and partially degassed with a vacuum pump under
an inert atmosphere. The purity of all these solvents was
compared with the measured density, ultrasonic speed, and
viscosity of the pure liquids with the literature values (Palepu
et al., 1985a,b; Pandiyan et al., 2011; Rajagopal and
Chenthilnath, 2010a,b; Dharmaraju et al., 1982; Fermeglia
et al., 1990; Comelli and Francesconic, 1995; Riddick et al.,
1986; Venkatesu and Rao, 1997) as can be seen in Table 1.
2.1. Apparatus and procedure
The water content of solvents used in this work was measured
by an Analab (MicroAqua Cal 100) Karl Fischer Titrator and
Karl Fisher reagent from Merck. It can detect water content
from less than 10 · 106 to 100% by conductometric titration
with dual platinum electrodes. All the binary mixtures off pure components at T= 298.15 K.
1) Viscosity (g/m Pa s) Mass fraction purity Water content (%)
Experimental Literature
1.917 1.919a 0.995 0.039
0.302 0.303c 0.995 0.038
0.385 0.386c 0.995 0.038
0.435 0.438g,* 0.994 0.040
0.440 0.442e 0.993 0.042
0.540 0.541e 0.994 0.038
±0.005 (mPa s).
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Thermodynamics of amine + ketone mixtures: Volumetric, speed of sound data 3N,N-diethylaniline with acetone, methylethylketone, methyl-
propylketone, diethylketone, and methylisobutylketone were
prepared in glass bottles with air-tight stoppers, and adequate
precautions were taken to minimize losses through evapora-
tion. The weighing of solutions was made using an Acculab
ALC-210.4 digital electronic balance with a precision of
±0.1 mg. The uncertainty in solution composition expressed
in mole fraction was found to be less than 1 · 104. After mix-
ing the sample, the bubble-free homogeneous sample was
transferred into the U-tube of the densimeter using a syringe.
The density measurements were performed with a Rudolph
Research Analytical digital densimeter (DDH-2911 Model),
equipped with a built-in solid-state thermostat and a resident
program with accuracy of temperature of 303.15 K and
308.15 K± 0.03 K. The estimated accuracy in the density
measurement is ±2 · 105 g cm3. Proper calibration at each
temperature was achieved with doubly distilled, deionized
water and with air as standards. A multi-frequency ultrasonic
interferometer (M-82 Model, Mittal Enterprise, New Delhi,
India) operated at 2 MHz was used to measure the ultrasonic
speeds of binary liquid mixtures at a constant temperature of
303.15 K and 308.15 K controlled by a digital constant tem-
perature water bath. The uncertainty in the measurement of
ultrasonic speed is ±0.2%. The viscosities of pure liquids
and their binary mixtures were measured by using a Ubbe-
lohde capillary type viscometer. The viscometer was calibrated
with pure water and liquid was allowed to stand for about
30 min in a thermostatic water bath so that the thermal ﬂuctu-
ations in viscometer were minimized. The accuracy in viscosity
data was ±0.005 mPa s.3. Results and discussion
The experimental values of density (q), viscosity (g), and
ultrasonic speed (u) of pure liquids and their mixtures as func-
tion of mole fraction of N,N-diethylaniline at 303.15 K and
308.15 K were used to calculate the parameters such as js,
Lf, Z, V
E, Du, Djs, and Dg from experimental data using the
following relevant expressions:
js ¼ u2q1 ð1Þ
Lf ¼ K=u qð Þ1=2 ð2Þ
Z ¼ uq ð3Þ
DLf ¼ Lf  ½x1Lf1 þ x2Lf2 ð4Þ
DZ ¼ Z ½x1Z1 þ x2Z2 ð5Þ
VE ¼ ½x1M1 þ x2M2=q ½x1M1=q1 þ x2M2=q2 ð6Þ
Djs ¼ js  ½x1js1 þ x2js2 ð7Þ
Dg ¼ g ½x1g1 þ x2g2 ð8Þ
Du ¼ u ½x1u1 þ x2u2 ð9Þ
where js1, Lf1, Z1, q1, u1, g1,M1, x1, V1, js2, Lf2, Z2, q2, u2, g2,
x2,M2, V2, js, Lf, Z, q, u, and g, are isentropic compressibility,
intermolecular free length, acoustic impedance, density,
ultrasonic speed, viscosity, molecular weight, mole fraction
and volume of the components 1, components 2, and mixtures,
respectively. K is a temperature dependent constant (Jacobson,
1952) (see Table 2).
The values of VE have been presented in Table 3. It is
observed that for all binary systems VE values are negative
over the entire range of composition at both the temperatures.Please cite this article in press as: Gowrisankar, M. et al., Thermodyna
and viscosity at 303.15 K and 308.15 K for the binary mixtures of N,N-
Arabian Journal of Chemistry (2013), http://dx.doi.org/10.1016/j.arabjcThe VE is the resultant contribution from several opposing ef-
fects, namely chemical, physical and structural. The chemical
or speciﬁc interactions result in volume contractions, leading
to negative excess volume and these include charge-transfer
complexes, dipole–dipole and dipole-induced dipole interac-
tions and H-bonding between component molecules. The
physical interactions or non speciﬁc interactions are weak
and hence contributes a positive VE while the structural contri-
butions are mostly negative and arise from several effects such
as interstitial accommodation and geometrical ﬁtting of one
component into another due to the differences in the molar
volume and free volume between components.
The plots of VE versus x1 have been presented in Figs. 1 and
2. A perusal of these ﬁgures shows that in each case the plots
are parabolic and are characterized by the presence of well-de-
ﬁned minima that occur at x1 = 0.5 indicating the presence of
complex formation between the mixing components (Jyostna
and Satyanarayana, 2005) (see Figs. 3 and 4). .
The negative values of VE of binary mixtures of N,N-dieth-
ylaniline with ketones may be attributed to the dipole–dipole
interactions resulting in the formation of electron-transfer
complexes between ketones and p-electron cloud of N,N-dieth-
ylaniline. Nitrogen atoms are the best donors (Krishnaiah
et al., 1982) possessing lone pairs of electrons on them. Hence,
N,N-diethylaniline is a good electron pair donor to exhibit spe-
ciﬁc interactions with ketones. Analogously, a similar trend
has been observed for another high polar solvent of N,N-
dimethylformamide with ketones under the same experimental
conditions(Venkatesu and Rao, 1996).
The algebraic VE values of N,N-diethylaniline with ketones
follow the order:
AC <MEK <MPK < DEK <MIBK
The order shows that, a decrease in negative values of VE
with increasing chain length of ketones, could suggest that
dipole–dipole interactions are weaker in higher ketones as a
consequence of the decrease of their polarizability with rising
chain length of ketones. This observation is similar to that of
the literature which was reported earlier by Garcia et al.
(1996), Ali and Nain (1996), Ali et al. (1998, 1999) and Izonfuo
and Kemeakegha (2009).
In the present investigation, the values of u and Z increase
and those of js and Lf decrease as the mole fraction increases.
The variation of ultrasonic speed in a solution depends upon
the increase or decrease of Lf after mixing the components.
According to Eyring and Kincaid, ultrasonic speed increases
if the intermolecular free length decreases and vice-a-versa as
result of mixing components. The decrease in the values of
js and Lf with mole fraction in the present study indicates sig-
niﬁcant interactions between N,N-diethylaniline with ketones
molecules.
The sign and magnitude of Du play important roles in
describing molecular rearrangements as a result of molecular
interactions occurring among the component molecules in
the mixtures. The excess ultrasonic speed with mole fraction
of N,N-diethylaniline is shown in Table 3. Here we observed
that the Du values are positive for all binary systems over the
entire range of composition at both the studied temperatures.
Positive deviations indicate the increasing strength of interac-
tion between component molecules of binary liquid mixtures.
If strong interactions arise among the components of a mixture
leading to the formation of molecular aggregates and moremics of amine + ketone mixtures: Volumetric, speed of sound data
diethylaniline + aliphatic ketones (C3–C5) + 4-methyl-2-pentanone.
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Table 2 Experimental values of density (q), ultrasonic speed (u) and viscosity of the binary mixtures at (303.15 and 308.15) K.
303.15 K 308.15 K
x1 q/gm.cm
3 u/m s1 g/mPa s q/gm.cm3 u/m s1 g/mPa s
N,N-Diethyl aniline (1) + acetone (2)
0.0000 0.77924 1162.0 0.301 0.77362 1145.0 0.281
0.0506 0.79813 1176.7 0.411 0.79322 1159.4 0.369
0.1023 0.81486 1191.2 0.520 0.81038 1174.1 0.466
0.1522 0.82892 1204.9 0.620 0.82464 1188.2 0.553
0.2156 0.84429 1221.9 0.740 0.84009 1205.9 0.658
0.2825 0.85801 1239.4 0.858 0.85378 1224.4 0.768
0.3487 0.86952 1256.3 0.967 0.86523 1242.4 0.869
0.4164 0.87955 1273.2 1.069 0.87523 1260.5 0.966
0.4964 0.88956 1292.9 1.180 0.88529 1281.3 1.066
0.5782 0.89814 1312.8 1.282 0.89401 1302.1 1.162
0.6474 0.90434 1329.4 1.362 0.90038 1319.4 1.233
0.7124 0.90941 1344.8 1.431 0.90562 1335.4 1.293
0.7923 0.91479 1363.5 1.511 0.91119 1354.9 1.366
0.8963 0.92063 1387.5 1.611 0.91703 1380.2 1.455
1.0000 0.92529 1411.0 1.711 0.92126 1406.0 1.548
N,N-Diethyl aniline (1) + methylethylketone (2)
0.0000 0.79449 1167.0 0.383 0.79002 1149.0 0.344
0.0599 0.81025 1184.1 0.528 0.80630 1166.0 0.460
0.0999 0.81993 1195.4 0.616 0.81619 1177.4 0.542
0.1455 0.83021 1208.0 0.709 0.82659 1190.4 0.628
0.2021 0.84190 1223.4 0.816 0.83831 1206.5 0.725
0.2516 0.85121 1236.5 0.902 0.84759 1220.4 0.806
0.3248 0.86355 1255.5 1.019 0.85984 1240.5 0.918
0.3963 0.87411 1273.5 1.121 0.87029 1259.8 1.013
0.4874 0.88565 1295.6 1.243 0.88177 1283.2 1.125
0.5721 0.89473 1315.5 1.343 0.89088 1304.3 1.212
0.6518 0.90205 1333.7 1.430 0.89828 1323.5 1.286
0.7064 0.90649 1346.0 1.485 0.90275 1336.3 1.334
0.8198 0.91454 1371.1 1.588 0.91093 1362.6 1.414
0.9081 0.92002 1390.5 1.655 0.91633 1383.4 1.480
1.0000 0.92529 1411.0 1.711 0.92126 1406.0 1.548
N,N-Diethyl aniline (1) + methylpropylketone (2)
0.0000 0.79725 1201.0 0.455 0.79325 1182.0 0.422
0.0698 0.81162 1219.3 0.635 0.80798 1200.1 0.564
0.1123 0.81998 1230.0 0.729 0.81645 1211.0 0.644
0.1821 0.83302 1246.9 0.865 0.82952 1228.7 0.768
0.2528 0.84528 1263.3 0.984 0.84173 1246.3 0.882
0.3225 0.85642 1278.9 1.087 0.85277 1263.2 0.984
0.4028 0.86807 1296.3 1.195 0.86432 1282.1 1.090
0.4856 0.87878 1313.6 1.300 0.87500 1300.6 1.186
0.5684 0.88829 1330.4 1.396 0.88454 1318.7 1.270
0.6412 0.89575 1344.9 1.475 0.89208 1334.0 1.335
0.7021 0.90145 1356.7 1.538 0.89785 1346.4 1.384
0.7769 0.90790 1370.9 1.607 0.90437 1361.4 1.435
0.8425 0.91318 1383.1 1.656 0.90966 1374.5 1.475
0.9156 0.91883 1396.3 1.695 0.91519 1388.9 1.512
1.0000 0.92529 1411.0 1.711 0.92126 1406.0 1.548
N,N-Diethyl aniline (1) + diethylketone (2)
0.0000 0.80482 1198.0 0.428 0.79982 1178.0 0.397
0.0718 0.81825 1217.8 0.629 0.81357 1197.6 0.551
0.1322 0.82954 1233.5 0.780 0.82503 1213.7 0.681
0.1876 0.83800 1247.1 0.904 0.83356 1228.1 0.798
0.2403 0.84524 1259.6 1.011 0.84083 1241.5 0.903
0.3092 0.85438 1275.3 1.139 0.84999 1258.5 1.029
0.3693 0.86077 1288.5 1.237 0.85639 1273.0 1.127
0.4427 0.86731 1304.2 1.343 0.86296 1290.0 1.229
0.5063 0.87537 1317.5 1.424 0.87108 1304.4 1.301
0.5795 0.88044 1332.6 1.503 0.87620 1320.5 1.365
0.6583 0.88683 1348.4 1.575 0.88268 1337.3 1.415
4 M. Gowrisankar et al.
Please cite this article in press as: Gowrisankar, M. et al., Thermodynamics of amine + ketone mixtures: Volumetric, speed of sound data
and viscosity at 303.15 K and 308.15 K for the binary mixtures of N,N-diethylaniline + aliphatic ketones (C3–C5) + 4-methyl-2-pentanone.
Arabian Journal of Chemistry (2013), http://dx.doi.org/10.1016/j.arabjc.2013.09.042
Table 2 (continued)
303.15 K 308.15 K
x1 q/gm.cm
3 u/m s1 g/mPa s q/gm.cm3 u/m s1 g/mPa s
0.7243 0.89721 1361.4 1.624 0.89320 1351.0 1.445
0.8045 0.90377 1376.7 1.669 0.89984 1367.3 1.471
0.8858 0.91750 1391.6 1.699 0.91369 1383.5 1.495
1.0000 0.92529 1411.0 1.711 0.92126 1406.0 1.548
N,N-Diethyl aniline (1) + 4-methyl-2-pentanone (2)
0.0000 0.79169 1175.0 0.515 0.78709 1152.0 0.456
0.0516 0.80086 1191.4 0.665 0.79653 1168.0 0.566
0.1283 0.81412 1214.0 0.854 0.80997 1191.1 0.724
0.2050 0.82684 1234.9 1.012 0.82271 1213.3 0.872
0.2558 0.83494 1248.0 1.102 0.83078 1227.5 0.962
0.3318 0.84655 1266.9 1.220 0.84234 1248.2 1.084
0.4073 0.85763 1285.0 1.320 0.85322 1268.2 1.190
0.4826 0.86770 1302.6 1.411 0.86351 1287.3 1.278
0.5576 0.87730 1319.9 1.486 0.87321 1306.1 1.350
0.6321 0.88631 1336.7 1.553 0.88237 1324.2 1.406
0.7058 0.89472 1353.0 1.610 0.89096 1341.5 1.448
0.7796 0.90273 1368.9 1.657 0.89913 1358.4 1.479
0.8535 0.91046 1384.1 1.693 0.90692 1374.8 1.504
0.9269 0.91793 1398.2 1.709 0.91427 1390.7 1.525
1.0000 0.92529 1411.0 1.711 0.92126 1406.0 1.548
Table 3 Mole fraction of N,N-diethylaniline (x1), excess molar volume (V
E), deviation in ultrasonic speed (Du), deviation in isentropic
compressibility (Djs), deviation in s intermolecular free length (DLf), deviation in acoustic impedance (DZ) of the binary mixtures at
(303.15 and 308.15) K.
303.15 K 308.15 K
x1 V
E/cm3 mol1 Du/m s1 Djs/TPa
1 DLf · 109/m DZ · 103/
kgm2s1
VE/
cm3 mol1
Du/m s1 Djs/TPa
1 DLf · 109/m DZ · 103/
kgm2s1
N,N-Diethyl aniline (1) + 2-acetone (2)
0.0000 0.0000 0.000 0.000 0.000 0.000 0.0000 0.000 0.000 0.000 0.000
0.0506 0.3721 2.101 2.491 7.859 13.44 0.4356 1.163 2.595 8.251 13.12
0.1023 0.6846 3.727 4.386 13.84 24.25 0.7853 2.35 4.604 14.64 23.74
0.1522 0.9278 5.002 5.742 18.12 32.39 1.0435 3.426 6.047 19.23 31.67
0.2156 1.1619 6.216 6.925 21.85 39.90 1.2782 4.648 7.324 23.29 38.99
0.2825 1.3297 7.058 7.655 24.15 44.91 1.4332 5.678 8.128 25.85 43.89
0.3487 1.4257 7.474 7.962 25.12 47.38 1.5118 6.389 8.486 26.99 46.37
0.4164 1.4611 7.516 7.933 25.03 47.76 1.5318 6.780 8.490 27.00 46.88
0.4964 1.4325 7.296 7.559 23.85 46.02 1.4950 6.760 8.109 25.79 45.27
0.5782 1.3370 6.828 6.872 21.68 42.26 1.4033 6.230 7.367 23.43 41.56
0.6474 1.2113 6.197 6.086 19.20 37.72 1.2894 5.429 6.513 20.71 37.05
0.7124 1.0575 5.412 5.203 16.41 32.46 1.1496 4.464 5.554 17.66 31.84
0.7923 0.8238 4.217 3.95 12.46 24.83 0.9325 3.090 4.199 13.35 24.31
0.8963 0.4536 2.321 2.088 6.588 13.28 0.5460 1.296 2.198 6.990 12.88
1.0000 0.0000 0.000 0.000 0.000 0.000 0.0000 0.000 0.000 0.000 0.000
N,N-Diethyl aniline (1) + methylethylketone (2)
0.0000 0.0000 0.000 0.000 0.000 0.000 0.0000 0.000 0.000 0.000 0.000
0.0599 0.2878 2.484 2.112 6.663 9.580 0.3490 1.586 2.198 6.990 9.181
0.0999 0.4641 4.024 3.262 10.29 15.17 0.5508 2.716 3.403 10.82 14.52
0.1455 0.6491 5.498 4.329 13.66 20.66 0.7510 4.006 4.544 14.45 19.85
0.2021 0.8493 7.088 5.353 16.89 26.33 0.9555 5.520 5.645 17.95 25.32
0.2516 0.9943 8.110 5.988 18.89 30.14 1.0970 6.709 6.351 20.20 29.13
0.3248 1.1552 9.249 6.569 20.73 34.11 1.2457 8.066 7.000 22.26 33.05
0.3963 1.2482 9.803 6.767 21.35 36.04 1.3222 8.951 7.244 23.03 35.06
0.4874 1.2700 9.674 6.567 20.72 35.84 1.3321 8.938 7.036 22.37 34.85
0.5721 1.1992 8.908 6.018 18.99 33.36 1.2612 8.270 6.458 20.54 32.52
0.6518 1.0597 7.661 5.239 16.53 29.24 1.1290 6.947 5.617 17.86 28.49
0.7064 0.9293 6.638 4.591 14.48 25.65 1.0000 5.755 4.905 15.60 24.84
0.8198 0.5926 4.069 2.991 9.437 16.53 0.6771 2.951 3.170 10.08 15.81
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Table 3 (continued)
303.15 K 308.15 K
x1 V
E/cm3 mol1 Du/m s1 Djs/TPa
1 DLf · 109/m DZ · 103/
kgm2s1
VE/
cm3 mol1
Du/m s1 Djs/TPa
1 DLf · 109/m DZ · 103/
kgm2s1
0.9081 0.2990 1.924 1.572 4.960 8.480 0.3648 1.058 1.654 5.261 8.012
1.0000 0.0000 0.000 0.000 0.000 0.000 0.0000 0.000 0.000 0.000 0.000
N,N-Diethyl aniline (1) + methylpropylketone (2)
0.0000 0.0000 0.000 0.000 0.000 0.000 0.0000 0.000 0.000 0.000 0.000
0.0698 0.2026 3.642 1.804 5.691 7.815 0.2561 2.425 1.826 5.806 7.038
0.1123 0.3323 5.417 2.681 8.458 11.99 0.4036 3.825 2.743 8.723 10.92
0.1821 0.5412 7.659 3.798 11.98 17.81 0.6208 5.920 3.949 12.56 16.49
0.2528 0.7276 9.212 4.571 14.42 22.35 0.8037 7.673 4.816 15.31 21.01
0.3225 0.8743 10.18 5.031 15.87 25.52 0.9387 8.960 5.350 17.01 24.25
0.4028 0.9815 10.71 5.244 16.54 27.57 1.0335 9.823 5.613 17.85 26.41
0.4856 1.0109 10.62 5.146 16.23 27.84 1.0597 9.796 5.513 17.53 26.69
0.5684 0.9605 10.04 4.783 15.09 26.43 1.0144 9.408 5.146 16.36 25.55
0.6412 0.8522 9.248 4.287 13.52 24.00 0.9186 8.361 4.590 14.60 23.07
0.7021 0.7255 8.259 3.749 11.83 21.11 0.8030 7.160 3.995 12.70 20.15
0.7769 0.5375 6.751 2.967 9.359 16.71 0.6261 5.414 3.133 9.964 15.75
0.8425 0.3582 5.175 2.185 6.894 12.26 0.4482 3.780 2.285 7.266 11.37
0.9156 0.1683 3.024 1.219 3.846 6.757 0.2373 1.836 1.250 3.975 6.031
1.0000 0.0000 0.000 0.000 0.000 0.000 0.0000 0.000 0.000 0.000 0.000
N,N-Diethyl aniline (1) + diethylketone (2)
0.0000 0.0000 0.000 0.000 0.000 0.000 0.0000 0.000 0.000 0.000 0.000
0.0718 0.1684 4.507 1.849 5.833 7.777 0.2046 3.240 1.873 5.957 6.799
0.1322 0.3065 7.341 3.076 9.705 13.93 0.3578 5.558 3.164 10.06 12.47
0.1876 0.4228 9.141 3.788 11.95 16.85 0.4798 7.327 3.955 12.58 15.26
0.2403 0.5187 10.42 4.246 13.40 18.45 0.5759 8.682 4.478 14.24 16.83
0.3092 0.6193 11.44 4.624 14.59 19.85 0.6722 10.01 4.938 15.70 18.35
0.3693 0.6777 11.84 4.674 14.75 18.85 0.7271 10.75 5.041 16.03 17.55
0.4427 0.7099 11.90 4.493 14.18 15.83 0.7580 11.10 4.889 15.55 14.75
0.5063 0.7035 11.66 4.413 13.92 16.27 0.7502 11.00 4.815 15.31 15.31
0.5795 0.6575 11.17 3.903 12.31 11.25 0.7064 10.40 4.258 13.54 10.24
0.6583 0.5657 10.18 3.299 10.41 6.877 0.6203 9.238 3.587 11.41 5.798
0.7243 0.463 9.124 3.050 9.623 10.00 0.5221 7.890 3.274 10.41 8.799
0.8045 0.3191 7.342 2.216 6.993 5.382 0.3801 5.894 2.347 7.463 4.109
0.8858 0.1674 4.925 1.690 5.331 10.20 0.2208 3.568 1.751 5.567 9.150
1.0000 0.0000 0.000 0.000 0.000 0.000 0.0000 0.000 0.000 0.000 0.000
N,N-Diethyl aniline (1) + 4-methyl-2-pentanone (2)
0.0000 0.0000 0.000 0.000 0.000 0.000 0.0000 0.000 0.000 0.000 0.000
0.0516 0.0811 4.226 1.616 5.052 4.547 0.1217 2.928 1.607 5.112 3.600
0.1283 0.2115 8.712 3.370 10.63 9.934 0.2765 6.472 3.468 11.03 8.135
0.2050 0.3385 11.52 4.528 14.37 13.88 0.4017 9.179 4.790 15.23 11.77
0.2558 0.4131 12.64 5.038 16.01 15.77 0.4679 10.54 5.407 17.20 13.68
0.3318 0.4998 13.59 5.488 17.50 17.71 0.5405 11.94 5.992 19.06 15.76
0.4073 0.5539 13.88 5.623 17.98 18.73 0.5838 12.75 6.234 19.83 17.06
0.4826 0.5675 13.71 5.528 17.71 18.89 0.5980 12.72 6.149 19.55 17.35
0.5576 0.5427 13.32 5.227 16.77 18.43 0.5824 12.49 5.842 18.58 17.13
0.6321 0.4841 12.52 4.748 15.22 17.22 0.5412 11.59 5.292 16.83 16.04
0.7058 0.3965 11.43 4.121 13.17 15.40 0.4762 10.22 4.552 14.48 14.24
0.7796 0.2882 9.926 3.327 10.63 12.91 0.3872 8.374 3.635 11.56 11.73
0.8535 0.1753 7.673 2.385 7.575 9.571 0.2768 6.040 2.555 8.124 8.493
0.9269 0.0733 4.454 1.278 4.033 5.307 0.1461 3.260 1.340 4.261 4.582
1.0000 0.0000 0.000 0.000 0.000 0.000 0.0000 0.000 0.000 0.000 0.000
6 M. Gowrisankar et al.compact structures, then sound will travel faster through the
mixture by means of longitudinal waves and hence the
ultrasonic speed deviations with respect to a linear behavior
will be positive. While if the structure-breaking factor in the
mixture predominates resulting expansion then the speed of
sound through the mixture will be slower resulting in negative
deviation in the speed of sound (Reddy et al., 1994).Please cite this article in press as: Gowrisankar, M. et al., Thermodyna
and viscosity at 303.15 K and 308.15 K for the binary mixtures of N,N-
Arabian Journal of Chemistry (2013), http://dx.doi.org/10.1016/j.arabjAn examination of data in Table 3 shows that deviation in
isentropic compressibility (Djs) and deviation in intermolecu-
lar free length (DLf) are negative for N,N-diethylaniline with
acetone, methylethylketone, methylpropylketone diethyl
ketone, methylisobutylketone systems over the entire range
of composition at both the studied temperatures. According
to Sri Devi et al. (2004) the negative excess values have beenmics of amine + ketone mixtures: Volumetric, speed of sound data
diethylaniline + aliphatic ketones (C3–C5) + 4-methyl-2-pentanone.
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Fig. 2 Variation of VE of the binary liquid mixtures of N,N-
diethylaniline with acetone (h), methylethylketone (s), methyl-
propylketone (n), diethyl ketone (d) and methylisobutyl ketone
(m) at 308.15 K.
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Fig. 3 Variation of Djs of the binary liquid mixtures of N,N-
diethylaniline with acetone (h), methylethylketone (s), methyl-
propylketone (n), diethyl ketone (d) and methylisobutyl ketone
(m) at 303.15 K.
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Fig. 4 Variation of Djs of the binary liquid mixtures of N,N-
diethylaniline with acetone (h), methylethylketone (s), methyl-
propylketone (n), diethyl ketone (d) and methylisobutyl ketone
(m) at 308.15 K.
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Fig. 1 Variation of VE of the binary liquid mixtures of N,N-
diethylaniline with acetone (h), methylethylketone (s), methyl-
propylketone (n), diethyl ketone (d) and methylisobutyl ketone
(m) at 303.15 K.
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tence of strong molecular interaction where as positive excess
values cause dispersion forces between unlike molecules. The
sign of deviation in isentropic compressibility (Djs), and devi-
ation in intermolecular free length (DLf) plays a vital role in
assessing the compactness due to molecular interaction in li-
quid mixtures through hydrogen-bonding, charge-transfer
complex formation, dipole–dipole interactions, dipole-induced
dipole interactions, interstitial accommodation, and orienta-
tional ordering (Fort and Moore, 1965) leading to more
compact structure making negative deviation in isentropic
compressibility and deviation in intermolecular free length
values. In the present investigation the negative Djs values of
for all binary systems may be attributed to the dipole–dipole
interactions resulting in the formation of electron-transfer
complexes between unlike molecules.Please cite this article in press as: Gowrisankar, M. et al., Thermodyna
and viscosity at 303.15 K and 308.15 K for the binary mixtures of N,N-
Arabian Journal of Chemistry (2013), http://dx.doi.org/10.1016/j.arabjcAn examination of data in Table 3 shows that deviation in
acoustic impedance (DZ) are positive for N,N-diethylaniline
with acetone, methylethylketone, methylpropylketone, dieth-
ylketone, and methylisobutylketone systems over the entire
range of composition at both the studied temperatures. The
DZ values for all mixtures strongly reﬂect the weak and strong
dipole–dipole interactions between components of liquid mix-
tures and the acoustic impedance Z is a quantity that depends
on the molecular packing of the systems. The positive values of
DZ indicate the presence of strong attractive forces in between
the reacting components of the mixtures. The overall results
for Djs, DLf, DZ, and V
E support (Benson and Kiyohara,
1979) each other. The algebraic Djs values of N,N-diethylani-
line with ketones follow the order:
AC <MEK <MIBK <MPK  DEKmics of amine + ketone mixtures: Volumetric, speed of sound data
diethylaniline + aliphatic ketones (C3–C5) + 4-methyl-2-pentanone.
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Table 4 Mole fraction of N,N-diethylaniline (x1), deviation in viscosities (Dg), excess Gibbs free energy of activation of viscous ﬂow
(G*E), Grunberg–Nissan interaction parameters (d12), Katti–Chaudhri interaction parameters (Wvis/RT), and Hind interaction
parameters (H12) at (303.15 and 308.15) K.
303.15 K 308.15 K
x1 Dg/mPa s G
*E/J mol1 d12 Wvis/RT H12 Dg/mPa s G
*E/J mol1 d12 Wvis/RT H12
N,N-Diethyl aniline (1) + acetone (2)
0.0000 0.000 0.000 0.000 0.000
0.0506 0.039 0.259 2.021 2.143 1.408 0.024 0.221 1.682 1.796 1.163
0.1023 0.075 0.432 1.745 1.865 1.413 0.055 0.395 1.567 1.680 1.216
0.1522 0.104 0.540 1.542 1.660 1.411 0.079 0.502 1.404 1.517 1.221
0.2156 0.135 0.624 1.348 1.464 1.405 0.104 0.586 1.240 1.352 1.221
0.2825 0.159 0.667 1.193 1.306 1.397 0.129 0.640 1.121 1.232 1.233
0.3487 0.174 0.678 1.073 1.184 1.390 0.146 0.657 1.021 1.130 1.236
0.4164 0.181 0.662 0.972 1.080 1.378 0.157 0.650 0.937 1.044 1.238
0.4964 0.179 0.618 0.875 0.981 1.364 0.156 0.608 0.845 0.949 1.227
0.5782 0.166 0.550 0.791 0.894 1.346 0.148 0.545 0.771 0.872 1.219
0.6474 0.148 0.479 0.732 0.832 1.331 0.132 0.474 0.712 0.810 1.203
0.7124 0.126 0.402 0.681 0.779 1.312 0.109 0.396 0.659 0.755 1.181
0.7923 0.093 0.299 0.624 0.720 1.288 0.081 0.294 0.605 0.698 1.161
0.8963 0.046 0.153 0.561 0.653 1.255 0.038 0.149 0.537 0.626 1.121
1.0000 0.000 0.000 0.000 0.000
N,N-Diethyl aniline (1) + methylethylketone (2)
0.0000 0.000 0.000 0.000 0.000
0.0599 0.065 0.262 1.785 1.847 1.628 0.044 0.231 1.546 1.603 1.336
0.0999 0.100 0.370 1.573 1.634 1.605 0.078 0.352 1.470 1.526 1.378
0.1455 0.133 0.454 1.390 1.450 1.581 0.109 0.444 1.338 1.394 1.384
0.2021 0.165 0.520 1.222 1.280 1.557 0.138 0.514 1.189 1.244 1.373
0.2516 0.185 0.552 1.107 1.164 1.538 0.159 0.553 1.091 1.146 1.368
0.3248 0.205 0.570 0.975 1.031 1.514 0.183 0.579 0.976 1.030 1.363
0.3963 0.212 0.559 0.873 0.927 1.489 0.192 0.571 0.879 0.932 1.347
0.4874 0.213 0.524 0.778 0.832 1.473 0.194 0.536 0.785 0.838 1.335
0.5721 0.200 0.468 0.707 0.759 1.456 0.179 0.476 0.708 0.759 1.312
0.6518 0.181 0.404 0.654 0.706 1.447 0.157 0.406 0.647 0.698 1.292
0.7064 0.164 0.353 0.624 0.675 1.442 0.139 0.353 0.613 0.664 1.282
0.8198 0.116 0.233 0.574 0.625 1.441 0.083 0.220 0.531 0.580 1.227
0.9081 0.066 0.125 0.543 0.594 1.443 0.043 0.114 0.486 0.535 1.202
1.0000 0.000 0.000 0.000 0.000
N,N-Diethyl aniline (1) + methylpropylketone (2)
0.0000 0.000 0.000 0.000 0.000
0.0698 0.092 0.268 1.611 1.638 1.794 0.063 0.226 1.333 1.357 1.473
0.1123 0.133 0.360 1.406 1.431 1.750 0.096 0.314 1.206 1.229 1.464
0.1821 0.181 0.448 1.170 1.194 1.692 0.141 0.411 1.056 1.078 1.458
0.2528 0.211 0.489 1.004 1.027 1.643 0.175 0.465 0.939 0.961 1.449
0.3225 0.227 0.498 0.882 0.904 1.602 0.199 0.488 0.850 0.871 1.440
0.4028 0.234 0.486 0.780 0.802 1.570 0.214 0.486 0.768 0.789 1.431
0.4856 0.235 0.459 0.707 0.729 1.554 0.217 0.461 0.699 0.720 1.420
0.5684 0.227 0.416 0.652 0.674 1.546 0.208 0.417 0.643 0.664 1.409
0.6412 0.215 0.371 0.617 0.639 1.550 0.191 0.367 0.601 0.622 1.400
0.7021 0.201 0.327 0.598 0.620 1.564 0.171 0.318 0.571 0.593 1.395
0.7769 0.176 0.265 0.583 0.607 1.591 0.138 0.248 0.537 0.558 1.384
0.8425 0.143 0.201 0.576 0.600 1.621 0.104 0.182 0.512 0.534 1.378
0.9156 0.090 0.117 0.575 0.601 1.665 0.059 0.100 0.484 0.507 1.367
1.0000 0.000 0.000 0.000 0.000
N,N-Diethyl aniline (1) + diethylketone (2)
0.0000 0.000 0.000 0.000 0.000
0.0718 0.109 0.349 1.861 2.079 1.886 0.071 0.293 1.499 1.715 1.508
0.1322 0.182 0.465 1.579 1.609 1.864 0.132 0.409 1.362 1.390 1.547
0.1876 0.235 0.576 1.390 1.499 1.841 0.185 0.535 1.262 1.370 1.580
0.2403 0.275 0.646 1.253 1.404 1.822 0.229 0.620 1.177 1.327 1.601
0.3092 0.314 0.687 1.119 1.276 1.805 0.276 0.677 1.081 1.238 1.619
0.3693 0.335 0.714 1.025 1.216 1.789 0.305 0.716 1.008 1.199 1.627
0.4427 0.347 0.727 0.933 1.170 1.773 0.322 0.736 0.929 1.165 1.626
0.5063 0.346 0.671 0.870 1.066 1.762 0.321 0.679 0.865 1.061 1.615
8 M. Gowrisankar et al.
Please cite this article in press as: Gowrisankar, M. et al., Thermodynamics of amine + ketone mixtures: Volumetric, speed of sound data
and viscosity at 303.15 K and 308.15 K for the binary mixtures of N,N-diethylaniline + aliphatic ketones (C3–C5) + 4-methyl-2-pentanone.
Arabian Journal of Chemistry (2013), http://dx.doi.org/10.1016/j.arabjc.2013.09.042
Table 4 (continued)
303.15 K 308.15 K
x1 Dg/mPa s G
*E/J mol1 d12 Wvis/RT H12 Dg/mPa s G
*E/J mol1 d12 Wvis/RT H12
0.5795 0.332 0.648 0.807 1.054 1.750 0.301 0.650 0.796 1.042 1.590
0.6583 0.302 0.583 0.754 1.028 1.742 0.260 0.575 0.724 0.997 1.551
0.7243 0.267 0.451 0.717 0.896 1.737 0.214 0.432 0.666 0.844 1.509
0.8045 0.209 0.352 0.679 0.889 1.733 0.148 0.323 0.594 0.802 1.443
0.8858 0.135 0.166 0.649 0.650 1.734 0.078 0.134 0.518 0.517 1.360
1.0000 0.000 0.000 0.000 0.000
N,N-Diethyl aniline (1) + 4-methyl-2-pentanone (2)
0.0000 0.000 0.000 0.000 0.000
0.0516 0.088 0.213 1.719 1.728 2.016 0.054 0.171 1.359 1.364 1.551
0.1283 0.186 0.387 1.365 1.373 1.942 0.128 0.341 1.186 1.191 1.573
0.2050 0.252 0.473 1.144 1.151 1.886 0.192 0.445 1.060 1.065 1.591
0.2558 0.281 0.500 1.035 1.041 1.851 0.227 0.485 0.990 0.995 1.598
0.3318 0.308 0.511 0.909 0.915 1.808 0.266 0.515 0.902 0.907 1.601
0.4073 0.318 0.499 0.813 0.819 1.771 0.289 0.517 0.830 0.835 1.601
0.4826 0.319 0.473 0.745 0.751 1.751 0.295 0.494 0.767 0.772 1.593
0.5576 0.304 0.431 0.687 0.693 1.729 0.285 0.453 0.711 0.717 1.580
0.6321 0.282 0.381 0.644 0.650 1.719 0.260 0.397 0.660 0.666 1.560
0.7058 0.251 0.324 0.612 0.618 1.717 0.221 0.329 0.612 0.618 1.535
0.7796 0.210 0.258 0.588 0.595 1.723 0.172 0.252 0.566 0.571 1.502
0.8535 0.157 0.184 0.574 0.582 1.742 0.116 0.169 0.522 0.528 1.466
0.9269 0.085 0.096 0.555 0.564 1.743 0.057 0.084 0.477 0.483 1.421
1.0000 0.000 0.000 0.000 0.000
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Fig. 6 Variation of Dg of the binary liquid mixtures of N,N-
diethylaniline with acetone (h), methylethylketone (s), methyl-
propylketone (n), diethyl ketone (d) and methylisobutyl ketone
(m) at 308.15 K.
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Fig. 5 Variation of Dg of the binary liquid mixtures of N,N-
diethylaniline with acetone (h), methylethylketone (s), methyl-
propylketone (n), diethyl ketone (d) and methylisobutyl ketone
(m) at 303.15 K.
Thermodynamics of amine + ketone mixtures: Volumetric, speed of sound data 9 The more negative Djs values for the system acetone
may be attributed due to strong dipole–dipole
attractions.
 The negative values of Djs and DLf are observed with the
opposite trend of DZ values.
According to Fort and Moore (1966), deviation in viscosity
tends to become more positive as the strength of the interac-
tion increases. The deviation in viscosity variation gives a qual-
itative estimation of the strength of the intermolecular
interactions. The deviation in viscosities (Pikkarainan, 1983)Please cite this article in press as: Gowrisankar, M. et al., Thermodyna
and viscosity at 303.15 K and 308.15 K for the binary mixtures of N,N-
Arabian Journal of Chemistry (2013), http://dx.doi.org/10.1016/j.arabjcmay be generally explained by considering the following fac-
tors. (i) The difference in size and shape of the component mol-
ecules and the loss of dipolar association in pure component
may contribute to a decrease in viscosity and (ii) speciﬁc inter-
actions between unlike components such as hydrogen bond
formation and charge-transfer complexes may cause increase
in viscosity in mixtures compared to in pure components.
The former effect produces negative deviation in viscosity
and latter effect produces positive deviation in viscosity.
A perusal of Table 4 shows that the values of Dg are posi-
tive for N,N-diethylaniline with acetone, methylethylketone,mics of amine + ketone mixtures: Volumetric, speed of sound data
diethylaniline + aliphatic ketones (C3–C5) + 4-methyl-2-pentanone.
.2013.09.042
Table 5 Coefﬁcients of Redlich–Kister equation and standard deviation values at (303.15 and 308.15) K.
Binary mixtures T/K Functions a0 a1 a2 r
N,N-Diethyl aniline + acetone 303.15 K VE/cm3 mol1 5.7208 1.6219 0.7029 0.001
Du/m s1 29.2809 9.8915 6.073 0.040
Djs/TPa
1 29.932 15.4451 8.7394 0.087
Dg/mPa s 0.7154 0.1996 0.0982 0.001
N,N-Diethyl aniline + methylethylketone 303.15 K VE/cm3 mol1 5.0579 0.9659 1.0363 0.001
Du/m s1 38.4968 13.010 7.0421 0.028
Djs/TPa
1 25.9971 10.684 2.5617 0.018
Dg/mPa s 0.8426 0.2006 0.1710 0.001
N,N-Diethyl aniline + methylpropylketone 303.15 K VE/cm3 mol1 4.0323 0.6100 1.9469 0.001
Du/m s1 42.2324 9.8103 7.3395 0.019
Djs/TPa
1 20.3943 6.9597 1.7911 0.009
Dg/mPa s 0.9322 0.1308 0.4988 0.001
N,N-Diethyl aniline + diethylketone 303.15 K VE/cm3 mol1 2.8253 0.6269 1.1392 0.001
Du/m s1 47.0042 10.510 16.405 0.033
Djs/TPa
1 17.3231 7.5553 6.6329 0.113
Dg/mPa s 1.3842 0.1713 0.1384 0.001
N,N-Diethyl aniline + 4-methyl-2-pentanone 303.15 K VE/cm3 mol1 2.262 0.3803 1.1773 0.001
Du/m s1 54.6997 10.466 27.758 0.028
Djs/TPa
1 21.7575 7.4573 5.2217 0.059
Dg/mPa s 1.2618 0.2797 0.3471 0.001
N,N-Diethyl aniline + acetone 308.15 K VE/cm3 mol1 5.9688 1.6765 1.9701 0.001
Du/m s1 26.9883 7.3449 11.515 0.005
Djs/TPa
1 32.1028 16.164 8.0377 0.086
Dg/mPa s 0.6316 0.1067 0.2333 0.002
N,N-Diethyl aniline + methylethylketone 308.15 K VE/cm3 mol1 5.305 1.0864 0.0762 0.002
Du/m s1 35.791 10.5031 21.825 0.037
Djs/TPa
1 27.894 11.1059 1.6133 0.011
Dg/mPa s 0.775 0.2077 0.1586 0.002
N,N-Diethyl aniline + methylpropylketone 308.15 K VE/cm3 mol1 4.2283 0.5508 1.0118 0.001
Du/m s1 39.583 8.1988 12.546 0.053
Djs/TPa
1 21.933 7.0625 0.1844 0.006
Dg/mPa s 0.8658 0.1233 0.0010 0.001
N,N-Diethyl aniline + diethylketone 308.15 K VE/cm3 mol1 3.0091 0.5993 0.6134 0.001
Du/m s1 44.134 8.5808 3.8001 0.008
Djs/TPa
1 18.918 7.7024 4.9346 0.125
Dg/mPa s 1.2875 0.2297 0.5668 0.001
N,N-Diethyl aniline + 4-methyl-2-pentanone 308.15 K VE/cm3 mol1 2.385 0.1882 0.0884 0.001
Du/m s1 51.256 6.522 3.3786 0.049
Djs/TPa
1 24.422 7.217 2.2429 0.015
Dg/mPa s 1.177 0.161 0.2723 0.001
10 M. Gowrisankar et al.methylpropylketone, diethylketone, and methylisobutylketone
systems over the entire composition ranges at 303.15 K and
308.15 K. The positive Dg values decrease with increasing tem-
perature. The positive Dg values indicate speciﬁc interactions
(Palepu et al., 1985a,b; Reed and Taylor, 1959) while the neg-
ative Dg values indicate dispersion forces. In the present inves-
tigation, the positive Dg values of all binary systems may be
attributed to the dipole–dipole interactions resulting in the for-
mation of electron-transfer complexes between unlike
molecules.
The excess Gibbs free energy of activation of viscous ﬂow
(G*E) is obtained by the equation
GE ¼ RT½ln gV ðx1 ln g1V1 þ x2 ln g2V2Þ ð10Þ
where V1, V2 and V are the molar volumes of the component 1,
component 2, and molar volume of the mixture, respectively.
R and T have their usual meanings.
Grunberg and Nissan (1949) proposed the following equa-
tion for the measurement of viscosity of liquid mixtures:
ln g ¼ x1 ln g1 þ x2 ln g2 þ x1x2d ð11ÞPlease cite this article in press as: Gowrisankar, M. et al., Thermodyna
and viscosity at 303.15 K and 308.15 K for the binary mixtures of N,N-
Arabian Journal of Chemistry (2013), http://dx.doi.org/10.1016/j.arabjwhere d is a parameter proportional to interchange energy,
which reﬂects the non-ideality of the system.
Katti and Chaudhri (1964) proposed the following
equation:
ln gV ¼ x1 lnV1g1 þ x2 lnV2g2 þ x1x2Wvis=RT ð12Þ
where Wvis/RT is an interaction term.
Hind et al. (1960) suggested an equation for the viscosity of
binary liquid mixtures as:
g ¼ x21g1 þ x22g2þ 2x1x2H12 ð13Þ
where H12 is Hind interaction parameter.
A perusal of Table 4 shows that the values of G*E and d12
are positive for N,N-diethylaniline with acetone, methylethyl-
ketone, methylpropylketone diethyl ketone, methylisobutylke-
tone systems over the entire composition ranges at (303.15 and
308.15) K. Attempts (Fort and Moore, 1966; Prakash et al.,
1980) have been made to explain the behavior of liquid mix-
tures on the basis of sign and magnitude of deviation in viscos-
ity (Dg), excess molar Gibbs free energy of activation of ﬂow
(G*E) and Nissan’s parameter d12. The positive values ofmics of amine + ketone mixtures: Volumetric, speed of sound data
diethylaniline + aliphatic ketones (C3–C5) + 4-methyl-2-pentanone.
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negative values show weaker interaction. In the present inves-
tigation, the positive values of G*E, and d12 for all the binary
systems suggest that the complex formation between the com-
ponents of the mixture. The plots of Dg versus x1 have been
presented in Figs. 5 and 6. A perusal of these Figs. shows that
in each case the plots are parabolic and are characterized by
the presence of well-deﬁned minima that occur at x1 = 0.5
indicating the presence of complexes formation between the
mixing components.
For each mixture, the mixing functions VE, Du, Djs and Dg
were ﬁtted to the Redlich–Kister equation (Redlich and Kister,
1948) of the type
YE ¼ x1x2 a0 þ a1 x1  x2ð Þ þ a2 x1  x2ð Þ2
h i
ð14Þ
where YE is VE or Du or Djs or Dg. The values of a0, a1 and a2
are the coefﬁcients of the polynomial equation and the corre-
sponding standard deviations (r) obtained by the method of
least–squares with equal weights assigned to each point are cal-
culated. The standard deviation (r) is deﬁned as:
rðYEÞ ¼
h
RðYEobs  YEcalÞ
2
=ðnmÞ
i1=2
ð15Þ
where n is the total number of experimental points and m is the
number of coefﬁcients. The values of a0, a1 and a2 are the coef-
ﬁcients is determined by a multiple-regression analysis on the
least square method and summarized along with the standard
deviations between the experimental and ﬁtted values of VE,
Du, Djs, and Dg which are presented in Table 5. Finally, it
can be concluded that the expressions used for interpolating
the experimental data measured in this work show good re-
sults, as can be seen by inspecting the r values obtained.
4. Conclusions
The experimental values of density, viscosity and ultrasonic
speed for the binary mixtures of N,N-diethylaniline with ace-
tone, methylethylketone, methylpropylketone, diethylketone,
and methyl isobutylketone at 303.15 K and 308.15 K and dif-
ferent compositions are measured. From these data, several
thermodynamic excess functions have been calculated and
correlated using the Redlich–Kister type polynomial equation.
The sign and magnitude of these quantities have been dis-
cussed in terms of electron-transfer complexes and dipole–di-
pole interactions between the mixing components.Acknowledgments
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